background. The arrector pili muscle is a smooth muscle bundle that attaches to the bulge region of the follicle and extends to its superior attachment in the upper dermis. Hair follicles in the scalp are grouped, forming well-defined anatomic structures known as follicular units, which are composed of terminal and vellus hairs, the associated sebaceous glands, and the arrector pili muscles. objective. To describe the microscopic anatomy of the arrector pili muscles in relation to the follicular units, using horizontal sections of scalp skin. methods. Normal scalp skin was obtained from 20 adult cadavers. Tissue specimens were horizontally sectioned at all levels of depth, including the infundibulum, isthmus, and inferior segment. Sections were stained with hematoxylin and eosin, and Masson's trichrome.
results. The distribution of hair follicles in follicular units was only present above the insertions of the arrector pili muscles, at the infundibulum and isthmus. Masson's trichrome proved to be a very useful stain to delineate the follicular units. At the isthmus level, bulky cords of arrector pili muscle were located specifically at one pole of the follicular unit. These bulky cords appeared to be located at the same pole in different follicular units. conclusion. At the isthmus level, above their follicular attachments, the arrector pili muscles that originate from their respective follicles join together, forming a single muscular structure that extends upward to its superior attachment zone. An anatomic model is proposed in which a single arrector pili muscular structure is shared by all the follicles contained within the follicular unit.
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IN THE PAST few years the follicular unit has been the object of considerable attention in the field of hair restoration surgery, and many hair transplant surgeons now use microdissected follicular units as the exclusive element of tissue to be moved in a transplant. 1, 2 In a strict sense, the follicular unit is not a clinical, but a histologic structure described by Headington in 1984. 3 Using transverse (horizontal) sections of scalp biopsies, Headington defined the follicular unit as a well-circumscribed structure composed of two to four terminal follicles, and one or, rarely, two vellus follicles, the associated sebaceous lobules, and the insertions of the arrector pili muscles of the terminal follicles.
The arrector pili (AP) muscle is a smooth muscle bundle that attaches to the external root sheath of the follicle and extends obliquely to its superior attachment site just below the epidermis. The only function attributed to this muscle is the elevation of the hair shaft, but the zone of its follicular attachment (the bulge) plays a critical role in the hair growth cycle because it is thought to contain the epithelial stem cells responsible for regenerating follicles. 4 Although histologic studies of the AP muscle have been undertaken for more than a 150 years, 5, 6 most authors analyzed vertical sections in which the whole structure of the follicular unit cannot be properly visualized. For this reason, the anatomic relationship between AP muscles and follicular units has not been described. Using horizontal sections of human scalp we have studied this relationship, proposing an anatomic model in which a single AP muscular structure is shared by all the follicles contained within the follicular unit.
Materials and Methods
Normal scalp skin from the occipital region was obtained from 20 adult cadavers. In 16 cases, the tissue was excised using 6 mm punches. In four cases, a 2 cm ϫ 1 cm segment of scalp was excised using a single-blade scalpel. The excision was carried down to the deepest part of the subcutane-ous fat in order to obtain the hair bulbs of the terminal anagen follicles.
Fixation of tissue for routine sections was carried out in 10% neutral-buffered formaldehyde solution. After fixation the tissue specimens were cut freehand under magnification according to the technique described by Headington. 3 With a sharp blade the specimens were horizontally cut, approximately 1 mm above the junction of the dermis and subcutaneous fat.
The undersurface of the upper half and the upper surface of the lower half were dyed with eosin to aid in the proper orientation. The two specimen halves were embedded in the same paraffin block, with the freshly cut surfaces facing down in the block. This method allows sections to be made upward in half of the specimen (toward the epidermis) and downward in the other half (toward the subcutis). The specimens were sectioned until the tissue was gone. All the slides were consecutively numbered in order to record the different section levels. Sections numbered with odd numbers were stained with hematoxylin and eosin. Some of the other sections, at different levels, were stained with Masson's trichrome. Masson's staining shows collagen in blue and muscles in red.
The isthmus is defined as the portion of the follicle that extends superiorly by the sebaceous duct and inferiorly by the insertion of the AP muscle. The follicular segment above the isthmus is called the infundibulum. The section extending from the insertion of the AP muscle to the base of the follicle is called the inferior segment.
Results
The distribution of hair follicles in follicular units is only present in horizontal sections made at the infundibulum and isthmus, above the insertion of the AP muscles. Below the isthmus, hair follicles tend to disperse and lose their orderly and grouping distribution in follicular units (Figure 1) .
At the upper part of the infundibulum, close to the epidermis, the hair follicles are grouped in follicular units with a rounded configuration. At this superficial level, the follicular units are clearly defined and the vellus hair follicles are visible. In deeper sections, vellus follicles disappear and the follicular units become enlarged because of the sebaceous glands (Figure 2 ). These glands embrace the follicles without showing a clear polarization toward any part of the follicular unit. In sections obtained at deeper levels of the isthmus, the sebaceous glands tend to disappear and the follicular units acquire a more clear delineation, showing a rhomboidal or hexagonal configuration.
The follicular units are immersed into a lax stroma, an extension of the adventitial dermis that Headington called the perifolliculum. 3 Thick collagen bundles of reticular dermis oriented parallel to the epidermal surface separate the follicular units between each other. Therefore there is a clear interface between the fine adventitial collagen of the perifolliculum and the coarse collagen of the reticular dermis. In this regard, Masson's trichrome has proved to be a very useful stain to delineate the follicular units, because it produces a clear differentiation between these two types of dermal tissue. In addition, Masson's staining helps to identify AP muscle fascicles, which are stained in red (Figure 3) . In sections made at the inferior segment, at the level of the subcutaneous fat, the follicular units are no longer recognized and the hair follicles are disposed in an apparently disorganized and anarchical manner.
Topographic Relationship Between the AP Muscle and the Follicular Units
The AP muscles can best be identified in horizontal sections made at the isthmus. At this level, thick muscle bundles can be identified at one pole of the external portion of the fibrous sheath that surrounds the follicular units. Comparing the distribution of these muscle bundles in different follicular units, they ap- pear to follow a regular spatial pattern, always oriented at the periphery and at the same pole of the unit (Figure 4 ). These muscles are located in the posterior surface of the follicle, which is the side that forms an open angle with the lower surface of the epidermis. 6 
Discussion
In human scalp skin we have seen a clear anatomic relationship between the AP muscles and the follicular units. Horizontal sections made at the isthmus level show bulky smooth muscle cords and fascicles located specifically at one pole of the follicular units. These bulky cords, apparently forming a single muscular structure, appear to be located at the same pole in different follicular units. This characteristic disposition suggests that, at some level of the isthmus, above their follicular attachments, the AP muscles originating from their respective follicles join together, forming a single muscular structure per follicular unit that extends upward to its superior attachment zone.
A schematic three-dimensional representation of this proposed anatomic model is shown in Figure 5 . At the lower end of the isthmus, the large AP fascicles disintegrate into smaller fascicles and fibers, which are directed toward their insertion at the bulge area of the follicles that compose the follicular unit. Narisawa et al. 7, 8 have shown that thin fibers of the AP muscle closely encircle the entire circumference of the hair follicles at the bulge region. At the distal end, the AP shows extensive splaying into multiple branches in order to increase contact between the extracellular matrix and the smooth muscle cells. 9, 10 Besides elevation of the shaft, it is possible that the AP muscles might play other roles in the physiology of the hair follicle. For example, one role could be to provide protection to the bulge region, which contains biochemically distinct epithelial stem cells. 11 The follicular insertion of the AP muscles tie together all the follicles at the bulge level. By keeping the bulge regions close to each other, the AP muscles might contribute to create this well-protected area where the stem cells are maintained in a common appropriate microenvironment.
